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ARSTRACT 
Background: Surveillance for vibrio cholerae in the Eastern 
Region of Saudi Arabia has been ongoing since 1985 to detect 
and prevent local proliferation of imported cholera. In 1996 and 
1997 the authors performed additional microbiologic and epi- 
demiologic assessment of \/I cholerae surveillance to better 
characterize a recurrent summertime pattern of !L cholerae 
infections in the Eastern Region of Saudi Arabia. 
Methods: All health facilities routinely submitted stool or rectal 
swab specimens for isolation of IL cholerae from patients with 
gastroenteritis. In addition, specimens were taken from expa- 
triate workers and household contacts of persons with con- 
firmed K cholerae infection. Forty-two isolates were evaluated 
for cholera enterotoxin by enzyme-linked immunosorbent assay, 
cholera toxin polymerase chain reaction, and Yl adrenal cell 
assay; 12 isolates also were characterized by pulsed-field gel 
electrophoresis (PFGE). Interviews about potential exposures 
were done for all 1 cholerae infections. 
Results: vibrio cholerae 01 serotype Ogawa biotype El Tor was 
identified in 113 gastroenteritis patients (6.0 per 100,000 pop- 
ulation per year), 28 asymptomatic expatriate workers, and 16 
of 982 household contacts of index patients. All symptomatic 
infected persons had mild illness that was not typical of cholera, 
and all 42 isolates evaluated were nontoxigenic. All 12 isolates 
evaluated by PFGE had an indistinguishable pattern (pattern 
81). Infections appeared in late May, decreased in mid-July 
through August, increased again in September, and disap- 
peared from December through April. Infections had a uniform 
geographic distribution and affected all ages. No linkage was 
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identified between affected households, or between commu- 
nity cases and food-handlers or domestic servants. 
Discussion: Surveillance in the Eastern Region of Saudi Arabia 
has identified a novel strain of nontoxigenic V: cholerae 01 
Ogawa. This strain probably has a local environmental reser- 
voir. Since cholera toxin is the primary virulence factor involved 
in the cause of cholera, assays for cholera toxin should be 
included in cholera surveillance. 
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The Eastern Region of Saudi Arabia lies amid many Asian, 
African, and Middle Eastern countries that have endemic 
and epidemic cholera. The region also receives a contin- 
uing influx of guest workers from these same countries. 
To rapidly identify imported cholera and prevent local 
transmission, the General Directorate of Health Affairs of 
the Eastern Region has maintained, since 1985, an inten- 
sive surveillance system for K&-i0 cholerue infection 
among guest workers and the local Saudi population. 
However, this surveillance system has not detected the 
expected result-imported Kcholerue infection. Instead 
epidemiologic and microbiologic evidence has suggested 
that there is an environmental source of nontoxigenic k 
cholerue 01 in the Eastern Region that occasionally 
results in mild diarrhea1 illness among the local popula- 
tion. The objective of this report is to detail the epi- 
demiologic and microbiologic characteristics of this novel 
Vcbolerae isolated during 1996 and 1997. 
MATERIALS AND METHODS 
The Eastern Region Health Affairs directorate is respon- 
sible for approximately 1.0 million persons. It delivers 
health care and monitors health through 110 primary 
health care centers (PHCC), 14 Ministry of Health hos- 
pitals, 9 hospitals run by other government agencies, and 
15 private hospitals. This study included surveillance 
result from the 7 most populated of the 12 sectors of 
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the Eastern Region of Saudi Arabia, from January 1996 
through December 1997. 
All the PHCCs and hospitals in the region are 
required to send the stool or rectal swab specimens from 
all patients with diarrhea to one reference laboratory, the 
Diarrhea Control Center in Dammam (DCCD). In addi- 
tion, Vcbolerae isolates from these hospitals are sent to 
the DCCD for confirmation. Stool samples from all 
patients with diarrhea are screened for Rcholerae and 
other enteric pathogens (Salmonella, Shigella). In addi- 
tion, all guest workers submit a stool or rectal swab 
within 1 month of arrival in Saudi Arabia. Food-handlers 
are required to submit additional stool or rectal swabs 
every 6 months. Whenever a Kcbolerae infection is iden- 
tified, all other persons sharing the living quarters (house- 
hold contacts) should submit rectal swabs or stool 
specimens. Rectal swabs were transported in Cary-Blair 
medium to the DCCD. Stool specimens were similarly 
inoculated into Cary-Blair medium and plated as early as 
possible after collection, using the method described by 
Haq.’ 
The authors interviewed each infected person, using 
a standard questionnaire about symptoms, recent travel, 
source of drinking water, consumption of foods and 
drinks, and attendance at social gatherings before the 
onset of illness. 
In 1996,15 isolates were sent to the Centers for Dis- 
ease Control and Prevention (CDC) in Atlanta, Georgia, 
for verification of the identification. Enterotoxigenicity 
was assessed at CDC by cholera enterotoxin polymerase 
chain reaction (PCR) and cholera toxin enzyme-linked 
immunosorbent assay (ELISA).z~” For additional strain char- 
acterization, pulsed-field gel electrophoresis (PFGE) was 
performed on these isolates, using the method of 
Cameron et al.* Total genomic DNA embedded in agarose 
plugs was restricted with Not1 and electrophoresed using 
a CHEF-DR II system (Bio-Rad Labs, Hercules, California) 
with a switch time of 5 to 50 seconds for 20 hours at 200 
V. In 1997, 30 isolates were evaluated for enterotoxi- 
gencity by they1 adrenal tumor assay at the International 
Center for Diarrhea1 Diseases Research (ICDDR), 
Bangladesh laboratories.5 
RESULTS 
From January 1996 to December 1997, Kcholerae 01 
Ogawa biotype El Tor was identified from 157 persons: 
113 (72%) from patients with gastroenteritis; 28 (18%) 
found through routine screening of food-handlers, domes- 
tic servants, and newly arrived workers; and 16 (10%) 
found by screening household contacts of index patients. 
All 113 symptomatic patients had brief gastrointestinal 
illnesses lasting 1 to 3 days. Symptoms included diarrhea 
that did not require hospitalization or intravenous rehy- 
dration (95%) abdominal pain (77%) vomiting (17%) and 
a low-grade fever (9.7%). 
Vibrio cbolerae 01 Ogawa isolates from 12 patients 
in 1996 and from 30 patients in 1997 were found to be 
nontoxigenic at CDC and at the ICDDR Bangladesh lab- 
oratories. The PFGE patterns of the 12 isolates from 1996 
were indistinguishable, having a pattern (PFGE pattern 
81) that had not been previously identified. This pattern 
was similar to PFGE pattern 43, identified from Guam in 
1990, which differed by having one additional band that 
PFGE pattern 81 did not have (Figure 1). 
In both 1996 and 1997 all Kcholerue 01 Ogawa iso- 
lates were recovered only during the summer and fall 
despite year-round surveillance (Figure 2). There were 
no apparent outbreaks or clusters of cases in time. The 
44 asymptomatic infections detected through screening 
of workers and household contacts also occurred 
throughout the same time period. This is the time of min- 
imal or absent rainfall in the area. Cases also showed a 
biphasic pattern during both summers with a clear 
decrease in incidence from the 31st to the 39th week of 
both years. This period of decreased incidence coincides 
with the highest air temperatures of the year (~40°C max- 
imum daily temperature). However, in 1997, underchlo- 
rination of the principal water supply was recognized 
and temporarily corrected during the same period. 
Incidence rates for symptomatic kcholerae infection 
were similar for all seven areas under surveillance in the 
Eastern Region (Table 1). Within the three principal cities 
(Dammam, Khobar, and Qateef), patients were widely 
scattered among districts or areas, with no apparent clus- 
tering. Symptomatic Kcholerae infection occurred among 
all ages, with moderately higher rates among adults (Table 
2). Permanent Saudi residents of the Eastern Region 
accounted for 96 (85%) of the symptomatic infections. 
The prevalence rate for asymptomatic infections detected 
1 2 3 4 5 6 M 7 8 910 1112 
Figure 1. PFGE patterns of Notl-digested total cellular DNA of non- 
toxigenic vibrio cholerae 01 isolates from the Eastern Region of Saudi 
Arabia. Lanes 1, 3, 5, 6, 7, 10, 11 are pattern 81; lanes 2, 9 are pat- 
tern 82; lanes 4, 8, 12 are pattern 83; lane M contains bacteriophage 
lambda DNA ladder as molecular mass markers. 
200 International Journal of Infectious Diseases / Volume 4, Number 4 
1996 
0 
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 
Week Number 
Figure 2. vibrio cholerae 01 infections, Eastern Region, Saudi Arabia, 
1996-l 997. Symptomatic (a), by date of onset; asymptomatic (+), by 
week of the result. 
through screening of workers was 21.2 per 100,000. 
These asymptomatic infections also were distributed 
widely throughout three principal cities of the Eastern 
Region. However, city, age, gender and nationality-specific 
prevalence rates could not be calculated for this group. 
Eleven of these 28 infections had been detected within 
1 month of the patient’s arrival to the Eastern Region 
from his or her home country, but over 90% of this 
screening normally is done in the month after arrival. 
Vibrio choZerue 0 1 Ogawa infections were detected 
in 143 households or living quarters with 982 contacts, 
who were screened for infection. From these, 16 (1.6%) 
contacts with KchoZerue infection were identified in 11 
(7.7%) cohabiting groups (10 residences and 1 workers’ 
quarters). Of the 16 infected household contacts 13 (81%) 
reported no recent illness and 3 (19%) had experienced 
a recent, brief diarrhea1 illness. One was an asymptomatic 
housemaid who had been in the Eastern Region contin- 
uously for over 3 months. In addition, three household 
contacts without Kcholerue infection reported having a 
diarrhea1 illness during the 2 weeks before or after onset 
of symptoms of the index patient in the household. None 
of the affected persons or their families had visited each 
other or knew another person outside their immediate 
living group with v cholerue infection. Finally, none 
reported knowing other persons with diarrhea in the 
community with whom they had attended common 
social events or meals. 
During the 2 years, foodborne disease surveillance 
detected 70 outbreaks of gastrointestinal illness in the 
Eastern Region. Pathogens were identified in 62 of these 
incidences, but Kcholerue was not isolated from any. In 
one salmonellosis outbreak involving 37 cases of diar- 
rhea among laborers in a camp, K cholerue 01 Ogawa 
was recovered from a left-over mixture of fish and rice. 
Salmonella entericu also was isolated from other foods, 
but Vcholerue was not recovered from any patient. 
Although the principal organism identified through 
this surveillance system was Kcholerue 01 Ogawa, other 
types of Rcholerue were identified during the 2 years. 
lribrio cholerue 01 Inaba was isolated from four per- 
sons: three asymptomatic guest workers and one sailor; 
Rcholerue non-01 was recovered from 124 persons, but 
no additional characterization or epidemiologic investi- 
gation of these isolates was attempted. 
DISCUSSION 
Surveillance for Kcholerue in the Eastern Region of Saudi 
Arabia has identified a recurrent summertime pattern of 
nontoxigenic ‘ci cholerue 0 1 Ogawa infection. Although 
24% of Rcholerue isolates were evaluated for toxin pro- 
duction, the mild nonspecific nature of all symptomatic 
Table 1. Vibrio cholerae 01 Ogawa Infections by Area, Eastern Region, Saudi Arabia, 1996-l 997 
Symptomatic infections Incidence* (Cases) Asymptomatic Infections+ 
Area 
Dammam 
Khobar 
Qateef 
Jubail 
Buqaiq 
Ras-Tanura 
Safwa 
Total 
. 
1996 1997 Both Years 1996 1997 Total 
8.6 (26) 5.6 (17) 7.1 (43) 5 8 13 
4.2 (8) 6.8 (13) 5.5 (21) 4 2 6 
4.9 (12) 5.8 (14) 5.4 (26) 3 2 5 
5.1 (6) 3.4 (4) 4.3 (10) 0 1 1 
4.5 (2) 6.7 (3) 5.6 (5) 1 0 1 
8.6 (3) 0 (0) 4.3 (3) 0 1 1 
9.8 (4) 2.5 (1) 6.2 (5) 0 1 1 
6.4 (611 5.5 (521 6.0(113) 13 15 28 
_  . _  
I  
*Incidence per 100,000 per year; +among screened workers. 
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Table 2. Symptomatic Vibrio cholefae 01 Ogawa Infections by Age and Gender, Eastern Region, Saudi Arabia, 199fP-1997 
Age 0 Male (n = 62) Female (n = 51) Total (n = 7 13) Rate/lOO,OOO (6.0) 
<I 1 2 3 5.0 
l-4 1 5 6 2.6 
5-14 7 5 12 2.4 
15-24 15 11 26 7.1 
25-44 34 25 59 10.7 
45-64 3 2 5 3.4 
>65 1 1 2 3.4 
illnesses suggests that cholera toxin was not involved in 
most, if any of the infections. Previous evidence that non- 
toxigenic Rcholerue 01 causes gastrointestinal disease is 
limited.” Experimental studies with a limited number of 
volunteers showed that a Brazilian strain of nontoxigenic 
R cholerue 01 produced only transient asymptomatic 
infections.’ However, isolates of nontoxigenic Vcholerue 
01 from naturally infected humans have come from per- 
sons with some symptomatic illness.‘a9 In the present 
series, three findings suggest that gastrointestinal illness 
resulted from infection. The illness, a mild, brief diarrhea, 
was uniform among all patients. Other common gas- 
trointestinal pathogens were not identified from the same 
stool specimens. The prevalence of infection was sub- 
stantially higher in patients with diarrhea than in 
screened asymptomatic workers. However, these two 
groups differed in their living situations and probably 
also in exposure to potential sources of infection. Inter- 
pretation of this difference in rates should be done with 
caution. 
To produce disease, V cholerue requires a cholera- 
toxin phage (CTX) and a second filamentous bacterio- 
phage-a VZbro cholerue pathogenicity island (VPI).10 
This VP1 contains a toxin co-regulated pilus (TCP) that is 
needed for Kcholerae to colonize the intestine. A TCP is 
also needed for CTX to transduce CTX-deficient organ- 
isms. Cholera-toxin phage has been transmitted in vivo 
from (XX-infected strains to the extracellular environ- 
ment and then to strains of both classic and El Tor V 
cholerae.” Thus, even though the strain in the Eastern 
Province is presently nontoxigenic, it could at some time 
acquire CTX and become toxigenic. 
With the exception of the distinctive biphasic epi- 
demic curve and a tendency to affect adults more than 
children, the epidemiologic data are notable for the lack 
of a pattern. Similar infection rates in all areas under sur- 
veillance suggest a widespread environmental source. 
The disappearance in the winter and reappearance in 
late spring similarly indicate an environmental source. 
The rarity of infections in more than one person per 
household suggests that common meals prepared either 
inside or outside the house were not involved. Similarly, 
the lack of linkage between infections in domestic ser- 
vants and in families of their employers indicates that 
transmission of imported infections from domestic ser- 
vants to other household members either directly or 
through food or drinks is not happening. Transmission 
from infected food-handlers in restaurants would also be 
expected to show a different pattern, with clusters in 
households and occasional foodborne outbreaks of R 
cholerae infection. Finally, importation of human infec- 
tions with subsequent transmission through food should 
occur year round, not with the distinctive seasonal dis- 
tribution that was observed. A few asymptomatic infec- 
tions, particularly the four with serotype Inaba, may have 
been imported. These epidemiologic data all point 
to a widespread distribution in the area of a locally 
entrenched but benign strain of R cholerue 0 1. 
The PFGE characterization indicates that the bulk of 
the Rcholerae 01 in the Eastern Region is of one strain. 
This substantiates the epidemiologic data that indicate 
that these infections are not arising from multiple impor- 
tation. Instead the epidemiologic and microbiologic data 
point to a singular environmental reservoir with multiple 
exits or a number of related environmental sources. Sev- 
eral possibilities exist, Rcholerue can survive indefinitely 
in the aquatic environment, it can survive in sterilized 
tap, mineral, and seawater without added nutrients for 
weeks.” It has been isolated from a place remote from 
human habitation and from coastal waters.“~“~‘*~‘” Non- 
toxigenic Rcholerae 01 has been isolated from a variety 
of aquatic environmental sources, including sewage, bay 
water, river water, fish, and the feces of migratory water 
birds.s,9J4 Although an aquatic reservoir in the Eastern 
Region is suspected, to date researchers have been unable 
to implicate a source or determine if infection is trans- 
mitted directly by drinking water, through contamination 
of food or drink with water, through seafood, or through 
vegetables irrigated with contaminated water. 
Ultimately, cholera enterotoxin produces cholera, 
whereas the somatic serotyping system is a marker only 
for toxigenicity. In the Eastern Region, assays for cholera 
toxin should be included in the Kcholerae surveillance 
system. This would help to reduce undue alarm and 
unnecessary containment measures when nontoxigenic 
Rcholerue 01 is recovered, and it would help focus epi- 
demiologic and environmental investigations. Finally, 
cholera toxin testing would provide for early detection 
of toxigenic Kcholerae if it is imported or invades the 
Eastern Region. 
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